With increasing pressure on engine oil manufacturers to extend oil drain intervals and reduce fuel consumption, whilst changing the composition of fully formulated oils to meet the new CEC, ILSAC and OEM specifications, there is an ever increasing need to understand the effect of oil degradation on the operating conditions and tribological performance of engines [1] . This work samples oil from the rear of the top piston ring of an engine during the first 15 minutes from cold start and operating at steady state under three different loads. These samples, used 40 hour sump oil and fresh oil have been subjected to tribological tests and chemical analysis.
INTRODUCTION
The lubricating oil in the Top Ring Zone (TRZ) of a firing gasoline engine has been shown to be highly degraded [2] [3] [4] . It has been suggested that the level of this degradation affects the tribological contacts between the piston rings and liner, and the piston rings and piston [5, 6] . Work has been undertaken by a number of researchers to investigate fresh oil, degraded oil sampled from a sump and aged oil in laboratory simulators [7, 8] however this is the first time that tribological analysis has been undertaken on oil sampled directly from the ring pack. This is due in part to the complications of operating such a sampling system and the need for relatively large quantities of oil (20-30ml). This required the engine to be run for prolonged periods of time (up to 40Hrs) to collect each sample.
Samples were obtained from a single cylinder Ricardo Hydra research engine. This gasoline engine (Ricardo Consulting Engineers Ltd.) is quarter of a 1998cc in-line four cylinder GM Engine introduced into service in 1988 and the piston (AE reference 24024) and rings (AE reference R23490) are production parts used in this GM engine. The ring pack consists of three rings; top ring, oil scraper ring and oil control ring. This single cylinder research engine has a displacement of 499.5cc with two direct acting overhead cams, one operating two inlet valves, the other two exhaust valves. The engine is liquid cooled and naturally aspirated with indirect injection A speed of 1500rpm was used and six samples were collected; fresh oil, sump oil after 40hrs operation at 50% load, TRZ oil at 33%, 50% and 75% load, and TRZ oil taken during the first 15 minutes from cold start. The oil used was Shell Helix Super 15W-40.
In order to investigate the differences between the oil samples, particularly those from the sump and TRZ, they were subjected to a range of chemical and tribological testing. These tests included Field Ionisation Mass Spectrometry (FIMS), viscosity and the use of a Mini Traction Machine (MTM).
METHODS
The engine was run at the conditions described with fresh oil at the start of each change of condition. Oil was extracted from the rear of the top piston ring by use of a 0.5 mm diameter hole at the rear of the ring groove, leading to a PTFE pipe which ran down the con rod and out of the engine to sample vials. The AFR was held at 16:1 once the engine had warmed up and the coolant water was maintained at 90°C. The sump oil was allowed to stabilise at natural temperature. This varied between 63°C and 69°C dependent upon the operating load.
FIMS was carried out to determine the relative abundances of different sizes and types of hydrocarbon in the fresh and degraded lubricant and a Bohlin rheometer was used to determine the viscosity of the oil samples at 40°C and 100°C. The dynamic viscosity determination was carried out in 
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The University of Yorkaccordance with the manufacturer's instructions and the average of five measurements was recorded. The MTM machine was set up with ball on disk samples and set to cycle through a series of speeds under load to produce Stribeck curves for the lubricants tested. Tests were undertaken using the TDC liner temperature of 100°C and a 50% slide roll ratio (SRR). Figure 1 shows the abundance of non-cyclic alkanes (with a size range of ca. 15 -40 carbons) and of alkyl benzenes (size range of ca. 6 -15 carbons) in the base fluid. These alkyl benzenes are due to un-burnt or partially combusted fuel dissolving in the lubricant and can clearly be a noticeable proportion of the lubricant in the piston assembly. They constituted ~6% of the sump sample, 30-40% of the TRZ load samples and ~60% of the first 15 minute sample. This highlights the influence of tribofilm formation. 
RESULTS

CONCLUSIONS
These results show that the oils sampled from the TRZ of an operating engine are considerably different to both the fresh oil and the used sump oil in their chemical composition and their tribological behaviour. Further results and discussion will be given in the presentation.
